Infections caused by Gemella morbillorum are uncommon. This organism is primarily associated with endocarditis and bacteremia and rarely with spondylodiscitis, arthritis, hepatic abscesses and meningitis. Sternal osteomyelitis caused by G. morbillorum has not yet been reported. We herein present a case of sternal osteomyelitis with a mediastinal abscess caused by G. morbillorum that occurred in a 74-year-old diabetic patient following blunt force trauma to the anterior chest wall. The patient was treated successfully with surgical excision and prolonged antibiotic treatment. Early recognition and timely intervention are important for managing life-threatening osteomyelitis of the sternum.
Introduction
Gemella morbillorum, formerly known as Streptococcus morbillorum, is a catalase-negative, facultative anaerobic, gram-positive coccus that lives among the normal flora of the oral cavity, upper respiratory tract, gastrointestinal tract and genitourinary system (1) . Human infection with G. morbillorum is very rare (1) . Intravenous drug abuse, alcoholism, cardiovascular disease, chronic obstructive pulmonary disease, diabetes, renal disease and poor oral hygiene are known predisposing factors (2) . Reported cases primarily include G. morbillorum endocarditis and bacteremia and rarely spondylodiscitis, arthritis, hepatic abscesses and meningitis (3) (4) (5) (6) .
Sternal osteomyelitis (OM) and mediastinal abscesses are rare complications of blunt chest trauma; however, they can be fatal (7, 8) . Sternal OM is caused most commonly by Staphylococcus aureus followed by Pseudomonas aeruginosa (9) . Sternal OM caused by G. morbillorum has not yet been reported, and there have been only two case reports of mediastinitis caused by this organism (10, 11) . We herein describe a case of sternal OM with a mediastinal abscess caused by G. morbillorum.
Case Report
A 74-year-old man presented to the thoracic surgery department with anterior chest wall pain. He had been diagnosed with lumbar spinal stenosis and was about to undergo elective spinal surgery at the orthopedic surgery department when the anterior chest wall pain was noted. He had sustained blunt force trauma to his anterior chest by colliding with the handlebar of his bicycle 18 days prior to evaluation by the thoracic surgeon. He had previously been given a diagnosis of hypertension and had a 12-year history of wellcontrolled type 2 diabetes mellitus.
On physical examination, the patient was found to be alert and appeared acutely ill. His vital signs were stable, and he was without fever. There was tenderness and mild swelling without erythema over the midsternum measuring approximately 2×2 cm. Laboratory tests revealed the following findings: white blood cell count, 13,930/mm 3 with 89% neutrophils; hematocrit, 34.3%; hemoglobin, 11.8 g/dL; platelet count, 117,000/mm 3 ; blood urea nitrogen, 18.8 mg/ dL; serum creatinine, 0.74 mg/dL; sodium, 139 mmol/L; potassium, 3.6 mmol/L; chloride, 107 mmol/L; total protein, 6.9 g/dL; albumin, 2.4 g/dL; aspartate transaminase, 28 IU/ L; alanine transaminase, 22 IU/L; erythrocyte sedimentation rate, 63 mm/hr; and C-reactive protein (CRP), 20.0 mg/dL. A computed tomography (CT) scan of the chest revealed a mass lesion measuring approximately 6.6 cm in size around the upper portion of the sternal body with cortical destruction and internal air bubbles. These results were suggestive of OM of the sternum with large abscesses on the adjacent anterior chest wall and mediastinum (Fig. 1a, 1b) . Consequently, empirical treatment with ampicillin/sulbactam (3.0 g every six hours, IV) was started. Transthoracic echocardiogram (TTE) showed a normal left ventricular systolic function (ejection fraction 65%) without any vegetation.
Radical surgery was performed the next day. Following removal of the subcutaneous abscess, a sternal bone defect was observed near the junction between the manubrium and the sternal body (Fig. 2) . Segmental resection of the sternum along with curettage and irrigation of the infected mediastinal tissue were performed. A vacuum-assisted closure device with a continuous irrigation catheter was utilized following wide excision and removal of the infected tissue. The blood cultures were negative; however, cultures from the subcutaneous abscess, sternal bone fragment and mediastinal tissue were all positive for G. morbillorum. The bacterium was identified according to morphology, Gram staining and reactions with the VITEK II GP card system (bioMérieux, Marcy l'Etoile, France). It was found to be susceptible to clindamycin, erythromycin, penicillin G and vancomycin using disc diffusion tests. The pathologic reports were consistent with a diagnosis of acute OM of the sternum and acute suppurative inflammation of the mediastinum. Periodic acidSchiff staining and Gomori methenamine silver staining were both negative for fungi.
Twenty-four days later, the overlying skin defect was covered with a left first internal mammary artery perforator fasciocutaneous flap by a plastic surgeon. After five weeks of intravenous therapy, ampicillin/sulbactam was changed to oral amoxicillin/clavulanate (750 mg every eight hours). The antibiotic therapy was discontinued after a total of eight weeks when the CRP level normalized and a follow-up chest CT scan showed no signs of infection.
Discussion
The creation of the Gemella genus was first officially proposed by Berger in 1961 (12) . Gemella morbillorum was originally identified as a type of anaerobic Peptostreptococcus sp., then was transferred from the Streptococcus genus in 1988 based on DNA homology with Gemella haemolysans (13) . Gemellae are opportunistic pathogens that are able to cause severe localized and generalized infections (2) .
As far as the authors know, sternal OM caused by G. morbillorum has not yet been reported, and there have been only two case reports of mediastinitis caused by this organism. well as the present case (10, 11). Savides et al. reported a case of G. morbillorum mediastinitis, bacteremia and OM of T5/6 following transesophageal endoscopic ultrasoundguided fine-needle aspiration of a posterior mediastinal lymph node (10) . The diagnosis of mediastinitis was made based on a CT scan that revealed inflammatory changes in posterior mediastinal fat without any signs of abscess formation. Specimens for culture other than blood were not obtained. That patient was successfully treated with 12 weeks of intravenous ceftriaxone followed by oral amoxicillin for several months and did not require surgical treatment. Sofianou et al. reported a case of Ludwig's angina and descending necrotizing mediastinitis (11) . Their patient was immunocompetent and had a history of oral infection. On admission, his laboratory data showed a white blood cell count of 6,000/mm 3 and an elevated CRP level of 23.7 mg/ dL. Blood cultures were negative; however, G. morbillorum was isolated from a dental abscess, submaxillary skin drainage and pleural effusion. Despite the administration of aggressive surgical debridement and broad spectrum antibiotic therapy, his condition deteriorated and he died on hospital day 12. Our patient had no history of any prior dental procedures, although he was predisposed to infection since he had type 2 diabetes mellitus. In our case, the blood cultures were negative and TTE showed no evidence of infective endocarditis. In contrast to the two previous reports, our patient demonstrated sternal OM, and G. morbillorum was confirmed microbiologically on a direct culture of the mediastinum. This organism might enter the anatomically broken sites through transient bacteremia. The apparently normal overlying skin and severe infections surrounding the sternal bone fracture observed in this case suggest that the infection had spread from the inside to the outside.
Sternal OM caused by blunt chest trauma is a rare clinical condition that can be life-threatening (8, 14) . Most cases of secondary sternal OM occur in IV drug users with possible bacteremia, and the most common pathogen is S. aureus followed by the Pseudomonas species (8, 9, 15) . The management of sternal OM depends on the specific presentation of the disease and varies from medical treatment alone to combined medical and surgical treatment (14, 16) . In our case, the patient had no history of drug abuse, and his condition was not severe on initial presentation; however, his CT scan showed extensive inflammation and abscess formation in-volving the chest wall through the anterior mediastinum. This radiographic information led us to pursue treatment with radical surgical debridement early on. Suspicion of the condition, early diagnosis and prompt delivery of adequate therapy can be life-saving. Our patient was treated successfully with immediate radical surgery and proper antibiotic therapy.
In summary, sternal OM with mediastinitis should be included in the differential diagnosis in patients who sustain non-penetrating trauma to the chest wall. In such cases, G. morbillorum could be a causative organism. Early recognition and timely intervention are important for managing this potentially life-threatening condition.
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